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Summaries of Previous Syntheses:

A. Lee et al. . Am. Chem. Soc. 2004, 126, 2680.; J. Org. Chem. 2005, 70, 6321.
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Key: (a) N-tosyl-(S)-valine, BH3-THF, DCM; $1, Me,CC(OMe)(OTMS), -78°C; (b) CHCCO,Me, NMM, MeCN; (c) concentrated HCI, MeOH; (d) |5, Ph3P,
imidazole, THF, 0 °C; (e) H3PO,, 1-ethylpiperidine, Et;B, EtOH; (f) KOH, THF-H,0-MeOH (3:1:1); (g) BH3-DMS, B(OMe)3, THF, 0 °C; (h) SO3-Pyr, TEA,
DMSO-DCM (1:1), 0 °C; (i) CH,CHCH,B('Ipc),, ether, -78 °C; NaOH, H,0,, reflux; (j) NaHMDS, BnBr, THF-DMF (4:1), 0 °C to room temperature; (k)
Ti(Oi-Pr)4, TMSCH,CH,OH, DME, 120 °C; (I) OsO,4, NMO, acetone-H,0 (3:1); NalOy; (m) (E)-CH;CHCHCH,B(%Ipc),, THF, -78 °C; NaOH, H,0,, -78 °C
to room temperature.
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Key: (a) TsCl, TEA, DCM, 0 °C; (b) PhSeSePh, NaBH,4, EtOH; (c) concentrated HCI, MeOH; (d) Bu,SnO, benzene, reflux (-H,0); BnBr, TBAI, benzene,
reflux; (e) CHCCO,Me, NMM, MeCN; (f) n-BuzSnH, AIBN, benzene (0.01 M), reflux; (g) LAH, THF, 0 °C; (h) SOs-Pyr, TEA,
DMSO-DCM (1:1), 0 °C; (i) CBry4, HMPT, THF, -30 °C; (j) n-BuLi, THF, -78 °C; (k) n-Bu3SnH, AIBN, benzene (0.02 M), reflux; (I) PdCl,(PPhj),, S2, LiCl,
PhsP, DMF (0.1 M), 120 °C; (m) H,, Pd/C, MeOH; (n) SO5-Pyr, TEA, DMSO-DCM (1:1), 0 °C; (o) Ph3PCH3+Br-, n-BuLi, THF, 0 °C; S3, -78 °C to room
temperature.

Fragment Union and End Game
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Key: (a) TBSOTf, 2,6-lutidine, DCM, 0 °C; (b) OsO4, NMO, acetone-H,0(3:1); NalOy; (c) NaBH,, EtOH; (d) S4, DIAD, PhsP, THF, 0 °C; (e)
(NHy4)gM070,4-4H,0, H,0,, EtOH, 0 °C to room temperature; (f) NaHMDS, ether, -78 °C; 83 (syringe pump, 30 min), -78 °C to room temperature; (g)
TsNHNH,, NaOAc, DME-H,0 (1:1), reflux; (h) NaHMDS, THF, 0 °C; 1; (i) concentrated HCI, MeOH; (j) NaHMDS, THF, 0 °C; 2, 0 °C; (k) 10 mol %
Grubbs' catalyst (2nd generation), DCM (3 mM), 80 °C; (1) Hp, Pd/C, MeOH-EtOAc (3:1); (m) TBAF, THF; 4 N HCI (saturated with NaCl).
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B. De Brabander et al. Org. Lett. 2002, 4, 481.; Org. Lett. 2005, 7, 2791.
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Key: (a) (+)-Ipc,BOMe, allylMgBr, -78 °C, Et,0; (b) CH,=CHCOCI, i-ProNEt, DMAP,CH,Cl,; (c) 5 mol % Grubbs' 2nd generation catalyst, CH,Cly, 4 h, rt;
(d) NiCly-6H,0, NaBH,4, THF, 0 °C, 2 h; (e) DIBAL-H, CH,Cl,, -78 °C, 1 h; (f) 1-triphenylphosphoranylidene-2-propanone, MeCN, 90 °C, 24 h; (g) t-
BuOK, THF, 0 °C, 5-10 min; (h) B-allyl bis(4-isocaranyl)borane, Et,0, -78 °C; (i) -BuUOK, THF, -35 °C; (j) LiAlHy4, Et,0, 0 °C; (k) PCC, CH,Cl,, 3 h, RT; (1)
(2S)-N-propionyl bornanesultam, TiCly, i-Pr,NEt, -78 °C; then add $2, -78 °C; (m) PhOC(S)CI, py, CH,Cl,, 14 h, RT; (n) BusSnH, 10% AIBN, PhH, 7 h,
reflux; (o) DIBAL-H, CH,Cl,, -78 °C, 1 h; then MeOH, -78 °C, 10 min; or LiAlH,, Et,O; then Dess-Martin periodinane, CH,Cl,; (p) Et,BOTf, Et,0, -78 °C;
then 83 -78 °C; (q) MeCHO, Smly, THF, -10 °C; (r) MOMCI, 'Pr,NEt, DCM; (s) K,CO3, MeOH; (t) TMSCI, NEt;, DCM; (u) 9-BBN, THF; S5a, PdCl,dppf,
aq. K3PO,4, DMF/THF; (v) HF-py, THF.

Fragment 2
BnO,C_ M
vy 8%
T™SO o~ o
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Key: (a) MesN(AcO)3BH, HOAc, MeCN, -10 °C; (b) TBSCI, imid., DMF; (c) TMSCI, NEts, DCM; (d) 9-BBN, THF; S5b, PdCl,dppf, aq. KsPO4, DMF/THF;
(e) HF-py, THF; (f) TFAA, py, DCM.

Fragment Union and End Game

SCH 351448
22LLS, 41 TS

<

Me" Me
Key: (a) hv (300 nm), DCM, 0.1 M, 1 h, rt; (b) NH3, MeOH; (c) NaHMDS, THF, -78 °C; (d) 10% Pd/C, H,, MeOH; (e) 48% aq. HF, MeCN, rt, 48 h; hexane
extraction from aq. HCI (4 N, sat. with NaCl).
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C. Leighton et al. Org. Lett. 2005, 7, 3809.
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Key: (a) ent-S2a, -10 °C, CH,Cly; (b) p-TsOH, PhH, reflux; (c) BnO,CCH(CHj;),, LDA, THF, 0 °C; (d) BF3-OEty, Et3SiH, CH,Cl,, -78 °C; (e) OsO4, NMO,
Acetone, H,0; (f) NalO,4, THF, H,0; (g) (+)-B-methoxyldiisopinocamphenylborane, AllylMgBr, Et,O, -100 °C; (h) NaH, BnBr, DMF, 0 °C; (i) OsO4, NMO,
Acetone, H,0; (j) NalOy4, THF, H,0; (k) $2b, CH,Cl,, 0 °C; (1) (Allyl),Si(NEty)H, CH,Cly; (m) Rh(acac)(CO),, 900 psi CO, PhH, 65 °C, n-BuyNF, THF,
reflux; (n) TESCI, EtzN, CH,Cly, -78 °C; (0) Rh(acac)(CO),, NIXANTPHOS, 600 psi Hy/CO, THF, 60 °C; (p) AllyIBr, Zn, aq. NH4CI, THF; (q) Dess-Martin
periodinane, CH,Cly; (r) BF3-OEty, Et3SiH, CH,Cly, -78 °C.

E p-Br-CgHy :

Fragment 2 ! N/ :
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Key: (a) Grubbs' Il Cat., CH,Cly, reflux; (b) Lindlar Cat., Hy, MeOH; (c) BF3-OEty, Et3SiH, CH,Cl,, -78 °C; (d)
TBSOTF, EtzN, CH,Cly.
Fragment Union and End Game

SCH 351448
25LLS, 39TS

Key: (a) 2, NaHMDS, THF, 0 °C; then 3; (b) HCI, Et,0, MeOH; (c) S3, NaHMDS, THF, 0 °C; (d) Grubbs' Il Cat., CH,Cl,, reflux; (e) Pd/C, H,, MeOH,
EtOAc.

S4



D. Crimmins et al. Org. Lett. 2006, 8, 2887.

S1 S2

Fragment 1
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Key: (a) TiCly, (-)sparteine, NMP, acrolein, CH,Cl,, -78 °C; (b) 'BUOH, imidazole; (c) LDA, Mel, THF, -30 °C; (d) LiAIH,4, Et,0, (e) TIPSCI, imidazole; (f)
BrCH,Co,H, NaH; (g) S1, PivCl, THF; (h) NaN(SiMe3),, THF, allyl iodide, -40 °C; (i) LiBH,4, MeOH, Et;0; (j) Me;CCN(OH), DEAD, PhsP, THF; (k)
BupAlH, CH,Cly; (1) S2, TiCly, (-)-sparteine, NMP, CH,Cl, -78 °C; (m) MOMCI, CH,Cl,, ‘Pr,NEt, 0 °C; (n) LiBH,, MeOH, Et,0; (o) (COCI),, DMSO,
CH,Cl,, Et3N.
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Key: (a) CH,=CHMgBr, THF; (b) Ti(O'Pr),, (+)-DCHT, BUOOH, CH,Cly; (c) BrCH,CO,H, NaH, THF; (d) $3, PivCI, THF; (e) NaN(SiMes),, THF, allyl
iodide, -40 °C; (f) LiBH,, MeOH, Et,0; (g) (COCI),, DMSO, CH,Cly, EtsN; (h) PhsPCH3Br, ‘BUOK, PhCHs; (i) "BusNF, THF, (j) HoCrO,, acetone; (k) S4,
(COCl),, DMF, CH,Cl,

Fragment Union and End Game
TIPSO

Me
A+ = ae Me*

Key: (a) 1, TiCly, (-)-sparteine, NMP, CH,Cl,, -78 °C; (b) TMSCI, Et;N, DMAP, CH,Cl; (c) NaBH,, THF, H,0; (d) MsCl, Et;N, CH,Cly; (€) LiEt;BH, THF;
(f) S7, Cly(PCys3)(IMes)Ru=CHPh, CH,Cly, 40 °C; (g) Rh/Al,O3, Ha,

s5 2by

SCH 351448
32LLS, 54 TS s7

Key: (a) PPTS, MeOH, 0 °C; (b) Cly(PCy3)(IMes)Ru=CHPh, CH,Cl,, 40 °C; (c) $6, NaN(SiMe3),, THF; (d) S7, Cly(PCy3)(IMes)Ru=CHPh, CH,Cl,, 40 °C;
(e) Rh/AI,03, Ha; (f) PPTS, MeOH: (g) NaHMDS; (h) "BuNF, THF; (i) TPAP, NMO; NaCIO,; (j) HF, CH3CN, 4N HCI, NaCl.
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E. Loh et al. Chem. Commun. 2007, 939.

Fragment 1
Br
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Key: (a) HCOH, InClg, 24 h; (b) PCC, CH,Cl,, 0 °C, 12 h; (c) (+)-DIPBr, AllyIMgBr, -78 °C; (d) InBrz, TMSBr, -78 °C; (e) Pd/C, NaHCO3, Hy, 24 h; (f)
DMP, CH,Cl,, 0 °C, 0.5 h; (g) (+)-DIPBr, AllyIMgBr, THF, -78 °C; (h) BnBr, NaH, DMF, 0 °C, 0.5 h; (i) Ti(O'Pr),, TMSEOH, reflux, 48 h; (j) OsO,4, NMO,
12 h, then NalOy, 0.5 h; (k) "BuLi, (E)-But-2-ene, KO'Bu, B(dlpc)ZOMe, BF3-OEty, -78 °C; (1) Acrolein, Hoveyda-Grubbs' Il Cat., CH,Cl,, reflux, 12 h; (m)
TBSOTTf, 2,6-Lutidine, Et3N, 0 °C, 0.5 h.
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Key: (a) Grubbs' Il Cat., CH,Cl,, reflux, 8 h; (b) S1, Pd(dppf)Clp, K3POy, THF, reflux, 12 h; (c) Pd/C, Hp, 4 h; (d) DMP, 0 °C, 0.5 h; (e) (+)-DIPBr,
AllylMgBr, -78 °C.

Fragment Union and End Game

H SCH 351448
Me Me Me Me Me 23LLS, 48 TS

Key: (a) In(OTf)3, TMSCI, CH,Cl,, -78 °C to -40 °C, 4 h; (b) ACCN, BusSnH, PhMe, reflux, 12 h; (c) TBSOTY, 2,6-Lutidine, EtzN, 0 °C, 0.5 h; (d) Lee et al.
J. Am. Chem. Soc. 2004, 126, 2680.; J. Org. Chem. 2005, 70, 6321.
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F. Rychnovsky et al. Org. Lett. 2008, 10, 3101.

Fragment 1
| Me Me
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Key: (a) AllylSnBug, Ti(O'Pr),, (R)-BINOL; (b) $1,DCC, DMAP; (c) DIBAL-H; Ac,0, DMAP; (d) SnBr,, -78 °C; (e) Bu;SnH, NaBH,, EtOH; then 3 N HCI; (f)
DMP, CH,Cly; (g) CrCly, Lil, S2, THF; (h) $3, PdCIy(dppf), KsPOy, THF; (i) Pd/C, Hy, MeOH; () DMP, CHyCly; (k) S4, NaHMDS.

Fragment 2

Key: (a) AllyITMS, TiF,, (R)-BINOL; (b) Ethyl vinyl ether, Hg(TFA)Z, () TiBry, 2,6-DTBMP, CH,Cly, 78 °C; (d) BuSnH, AIBN; (€) SEMCI, DIPEA; (f)
NaOH, MeOH; (g) TPAP, NMO; (h) NaClO,, NaH,PO,, 2-methyl-2-butene; (i) TMSCH,CH,OH, DIAD, PPhs; () DDQ, pH 7 buffer, CH,Cl,

Fragment Union and End Game

SCH 351448
24LLS, 48TS

Key: (a) O3, CH,Cly, -78 °C; PPhs; NaBHy; (b) PPhs, DIAD, 1-phenyl-1H-tetrazole-5-thiol; (c) 30% H,0,, EtOH, (NH4)gMo0;0,4-4H,0; (d) S5, NaHMDS,
THF; (e) p-TsNHNH,, NaOAc, 100 °C; (f) 2, NaHMDS; (g) DDQ, pH 7 buffer; (h) 1, NaHMDS, THF; (i) Grubbs-Hoveyda Cat., CH,Cl,, reflux; () p-
TsNHNH,, NaOAc, 100 °C; (k) TFA, CH,Cly; 4 N HCI, NaCl, hexanes.
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G. Panek et al. Org. Lett. 2011, 13, 4652.

Fragment 1
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+ Pl 2 M —_— M e
Bnoy /Y\/ BnO o 0SO,Mes 7 o 0SO,Mes
Me" Me SiMe,Ph Me® Me Me" Me
(3 steps) S$1 (5 steps)
OBn OTBS |
o f-g (o] H H
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Key: (a) TMSOTf, CH,Cl,/PhH (3:1), -78 °C; (b) 10% Pd/C, H,; (c) (COCI),, DMSO, EtzN, CH,Cl,, -78 °C; (d) NaClO,-NaH,PO4-H,0, 2-methyl-2-butene,
BuOH; (e) BnBr, DBU, MeCN; (f) NaCN, DMF, 60 °C; (g) Raney-Ni, NaH,PO,, Pyr/HOAc/H,0 (2:1:1), 50 °C; (h) Ipc,BAllyl, THF, -78 °C; (i) BnBr, NaH,
DMF, 0 °C; (j) OsOy4, NMO, acetone/H,O (3:1); (k) NalO,4, THF; (1) 'BUOK, trans-2-butene, "BuLi, B(%Ipc),OMe, THF, -78 °C; (m) TBSOT, lutidine.

Fragment 2
Me_ Me Me. Me Ve. Me
e,
MM;/O (0] 0" o OXO OXO
© - - .9
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s2 : :

[2]14 steps LLS S3 (2 steps)

Key: (a) 3-Butyn-1-ol, DIPA, Pd(PPhj3),Cl,, Cul, dioxane, 85 °C; (b) 10% Pd/C, H,, MeOH; (c) PCC, CH,Cly; (d) 81, TMSOTf, CH,Cl,/PhH (3:1), -78 °C;
(e) 10% Pd/C, H,, MeOH; (f) Nal, acetone, reflux; (g) AgOAc, DMF, 100 °C; (h) Sc(OTf)3, MeOH/H,0 (4:1); (i) DMSO, (COCI),, EtsN, CH,Cl,, -78 °C; (j)
$3, NaHMDS, THF, -78 °C; (k) 2-(Trimethylsilyl)ethanol, NaHMDS, THF; (1) BnBr, Cs,CO3.

Fragment Union and End Game

€]
Cl Cl
Me\N*ﬁ—Me

S5 (1 step)

SCH 351448
26 LLS, 48 TS

Key: (a) Grubbs-Hoveyda Il, CgH5Cl, 85 °C; (b) p-TsNHNH,, NaOAc, DME/H,0, reflux; (c) HCI, MeOH; (d) Grubbs-Hoveyda I, CgHsCl, 70 °C, 12 h; (e)
p-TsNHNH,, NaOAc, DME/H,0 (1:1), 100 °C; (f) S4, NaHMDS, THF, -78 °C; (g) BnBr, Cs,CO3, DMF; (h) TBAF, THF, 0 °C; (i) DMAP, CH,Cl,, 42 °C,
S5; (j) Pd/C, Hy, MeOH, then 4 N HCl in NaCl.
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H. Hong et al. Org. Lett. 2011, 13, 3742.

Fragment 1 and 2

RN GEE R : Me
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Me E :
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OH Me Me |/\)\/O \_/kN "

H U = e
(3 steps) S3 (3 steps) OH Me Me i[2]5 steps LLS

.......................

Key: (a) 3-Butenylmagnesium bromide, Cul, THF, -20 °C, 1 h; (b) crotonaldehyde, Hoveyda-Grubbs' I, toluene, 110 °C, 18 h; (c) LDA, LiCl, THF, -78 °C,
1 h, then 83, 25 °C, 3 h; (d) CHaLi, THF, 0°C, 0.5 h.

Fragment Union and End Game

MOM

Me
4 vie OBn
OBn (@) OPMB (o] -g

=<
o

Me Me

SCH 351448
28 LLS, 68TS

Key: (a) (-)-IpcyBCl, EtzN, Et,0, 0 °C, 1 h, then 1, -78 °C, 2 h, -20 °C, 16 h; (b) Me4NBH(OACc);, CH3CN/HOAC, 25 °C, 4 h; (c) p-anisaldehyde dimethyl
acetal, PPTS, CH,Cl,, 25 °C, 2 h; (d) DIBAL, toluene, -20 °C, 1 h; (e) MOMCI, ‘Pr,NEt, CH,Cl,, 25 °C, 24 h; (f) PPTS, CHCl3/MeOH, 25 °C, 48 h; (g)
NaH, 1-tosylimidazole, THF, 25 °C, 6 h; (h) S1, ‘BuLi, THF/HMPA (4:1), -78 °C, 5 min; then S4, -78 °C, 1 h; (i) MnO,, CH,Cl,, 25 °C, 8 h; (j) p-TsNa,
K2CO3, (MeO),P(O)CH,COCH3, CH3CN, MeOH, 25 °C, 18 h; (k) S2, NaHMDS, B-OMe-9-BBN, KBr, PdCly(dppf), THF, reflux, 3 h; (I) Hp, Raney-Ni,
EtOH, 50 °C, 40 h; (m) Dess-Martin periodinane, pyridine, CH,Cl,, 25 °C, 5 h; (n) NaClO,, NaH,PO4-H,0, 2-methyl-2-butene, ‘BuOH/H,O (1/1), 25 °C, 4
h; (0) BnBr, Cs,CO3, CH3CN, 25 °C, 2 h; (p) DDQ, CH,CI,/H,0, 25 °C, 1 h; (q) De Brabander et al. Org. Lett. 2002, 4, 481.; Org. Lett. 2005, 7, 2791.
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General Information

All reactions were carried out in oven- or flame-dried flasks, under an inert atmosphere of argon
or nitrogen if anhydrous conditions were required. Anhydrous solvents were transferred by oven-
dried syringes and needles. Reagents obtained from Acros, Sigma-Aldrich, Alfa Aesar, Fisher
Scientific, Takasago, Oakwood, or Strem Fine Chemicals suppliers were used directly as supplied
or following purification according to procedures described by Amarego and Chai.t
Tetrahydrofuran, dichloromethane, diethyl ether, and toluene were distilled prior to use. Thin
layer chromatography (TLC) was performed on Dynamic Adsorbents F254 0.25 mm precoated
silica gel plates. Compounds were visualised under UV light and by staining with potassium
permanganate, or para-anisaldehyde solution. Flash column chromatography was performed
using silica gel (40-63 um, Silicycle) and using head pressure by means of a positive pressure
from an air line, according to Still.2 Infra-red spectra were recorded on a Thermo Nicolet 380
spectrometer. High-resolution mass spectra were recorded on an Agilent Technologies 6530
Accurate Mass Q-Tof LC/MS instrument for electrospray ionisation (ESI) or a Micromass
Autospec Ultima instrument for chemical ionization (CI) and are reported as a ratio of mass to
charge (m/z) in Daltons. Specific optical rotations were recorded on an Atago AP-300 automatic
polarimeter at the sodium line (589.3 nm) in CHCls;. Solution concentrations are given in the units
of 102 g mL%. *H NMR spectra were recorded on an Agilent MR (400 MHz), Varian DirectDrive
(400 MHz) spectrometer in CDCl; or CDCl, at ambient temperature. Chemical shifts are quoted
to two decimal places in parts per million (ppm) with splittings recorded as singlet (s), doublet
(d), triplet (t), quartet (q), quintet (quin) and multiplet (m). Coupling constants, J, are quoted to
one decimal place in Hz. 3C NMR spectra were recorded on an Agilent MR (100 MHz), Varian
DirectDrive (100 MHz spectrometer in CDCIs or CD,Cl, with broadband decoupling. Chemical
shifts are quoted to one decimal place in parts per million (ppm). All NMR chemical shifts were
referenced to residual solvent peaks (CDCls, o1 7.26 ppm, dc 77.0 ppm; CD2Cl; 61 5.32 ppm, dc
53.8 ppm).
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Experimental Procedure and Characterization of Intermediates:

(E)-7-hydroxyhept-2-en-1-yl acetate (2)

| AcO/\I
HO Grubbs-I| HO

_—

DCM, 50 °C

AcO OAc
1 _\:/_ 2

To a sealed tube under an argon atmosphere charged with hex-5-en-1-ol (1) (400.6 mg, 4.0 mmol,
100 mol%) and cis-1,4-diacetoxy-2-butene (688.7 mg, 16.0 mmol, 400 mol%) was added freshly
distilled CHXCl, (22 mL, 0.18 M). The Grubbs’ second generation catalyst
[Clz(PCys3)(IMes)Ru=CHPh] (101.9 mg, 0.12 mmol, 3 mol%) was added in one portion. The
septum was quickly replaced with a screw cap, and the reaction mixture was allowed to stir at 50
°C for 20 h. The reaction mixture was allowed to cool ambient temperature, at which point it was
concentrated in vacuo. The residue was subjected to flash column chromatography (SiO2:
hexane/ethyl acetate, 4:1 to 2:1) to furnish the title product 2 in 87% yield (600 mg, 3.48 mmol,
E:Z=7:1).

Spectral data is reported for the major isomer.
'H NMR (400 MHz, CDCls) § 5.82-5.71 (m, 1H), 5.58 (dtt, J = 15.6, 6.5, 1.4 Hz, 1H), 4.51 (dd,

J=6.5, 1.1 Hz, 2H), 3.65 (t, J = 6.4 Hz, 2H), 2.14-2.07 (m, 2H), 2.06 (s, 3H), 1.64-1.53 (m, 2H),
1.52-1.44 (m, 2H), 1.40 (br s, 1H).

53C NMR (100 MHz, CDCl3) 6 171.0, 136.2, 124.3, 65.3, 62.8, 32.3, 32.1, 25.1, 21.1.

HRMS (ESI) Calcd. for CogH160sNa [M+Na]*: 195.0992, Found: 195.0996.

FTIR (neat): 3381, 2934, 1736, 1364, 1227, 1023, 969 cm™.
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(R,E)-7-hydroxydeca-2, 9-dien-1-yl acetate (3)

Ir(cod)Cl,
AcO [
¢ A] (S)-BINAP
HO AllylOAc
4-CN-3-NO,-BzOH
Cs,CO3
2 THF, 100 °C 3

To a sealed tube under an argon atmosphere charged with alcohol 2 (390.0 mg, 2.27 mmol, 100
mol%), [Ir(cod)Cl]. (38.3 mg, 0.057mmol, 2.5 mol%), (S)-BINAP (71.0 mg, 0.114 mmol, 5.0
mol%), Cs,COs (148.0 mg, 0.45 mmol, 20 mol%) and 4-CN-3-NO»-BzOH (39.3 mg, 0.23 mmol,
10 mol%) was added freshly distilled THF (11.4 mL, 0.2 M) and allyl acetate (454.5 mg, 4.54
mmol, 200 mol%). The septum was quickly replaced with a screw cap and the reaction mixture
was allowed to stir at 100 °C for 72 h. The reaction mixture was allowed to cool to ambient
temperature, at which point it was concentrated in vacuo. The residue was subjected to flash
column chromatography (SiO.: hexane/ethyl acetate, 8:1 to 4:1) to furnish the title product 3 in
62% yield (298.8 mg, 1.41 mmol, 96% ee), catalyst was recovered using DCM/ether, 4:1.

'H NMR (400 MHz, CDCls) § 5.90-5.73 (m, 2H), 5.58 (dtt, J = 15.4, 6.6, 1.4 Hz, 1H), 5.23—
5.09 (m, 2H), 4.51 (dt, J = 6.5, 1.0 Hz, 2H), 3.72-3.61 (m, 1H), 2.31 (dddt, J = 13.7, 6.2, 4.2, 1.3
Hz, 1H), 2.19-2.07 (m, 3H), 2.06 (s, 3H), 1.71 (br s, 1H), 1.63-1.53 (m, 1H), 1.53-1.43 (m, 3H).

3C NMR (100 MHz, CDCls) 6 171.0, 136.3, 134.9, 124.3, 118.4, 70.6, 65.4, 42.1, 36.3, 32.3,
25.1,21.2.

HRMS (ESI) Calcd. for C12H2003Na [M+Na]*: 235.1305, Found: 235.1309.

FTIR (neat): 3420, 2933, 1738, 1437, 1363, 1231, 1024, 969, 913 cm™.

HPLC: (Chiralcel AD-H column, hexanes:i-PrOH = 87:13, 1.00 mL/min, 254 nm), ee =96%
(Alcohol 3 was protected with benzyl group).

[a]?%-+10.00 ° (c 1.0, CHCls).
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DAD1 A, Sig=254,4 Ref=360,100 (GANG\ZAK 2016-03-12 15-26-101031-0201.D)
mAU

N
o
") 5.681
6.096

R R T e T T e T
5 52 54 56 5.8 6 6.2 6.4 6.6 6.8 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e | === | === R | ———m - |- |
1 5.681 RV 0.1143 126.99027 17.17166  47.3036
2 6.096 VB 0.1347 141.46756 15.76023 52.6964
Totals : 268.45783 32.93188

DAD1 A, Sig=254 4 Ref=360,100 (GANG\ZAK 2016-03-12 15-26-101032-0301.D)

mAU
80+ E
60: w
40
20—: 3
————
5 5.2 54 5.6 5.8 6 6.2 6.4 6.6 6.8 miny
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* 3] [mAU] %
e e e | == - |- | -~ |
1 5.853 BV 0.0964 11.10787 1.83955 2.0613
2 6.249 VB 0.1258 527.78131 62.97322 97.9387
Totals : 538.88918 64.81277
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(2R,6S)-2-allyl-6-vinyltetrahydro-2H-pyran (4)

Pd(PPhs),
Et;N

Toluene
30 °C

To a sealed tube under an argon atmosphere charged with Pd(PPhs)s (208.0 mg, 0.18 mmol, 18
mol%) and toluene (8.30 mL) was added EtsN (202.4 mg, 2.0 mmol, 200 mol%). Alcohol 3 in
toluene (4.2 mL) was added to the reaction mixture. The reaction mixture was allowed to stir for
at 30 °C for 48 h. The reaction mixture was directly subjected to flash column chromatography
(SiO2: hexane/ethyl acetate, 100:0 to 25:1) to furnish the title product 4 in 65% yield (98.9 mg,
0.65 mmol, 6:1 dr).

'H NMR (400 MHz, CDCls) § 5.94-5.79 (m, 2H), 5.24 (dt, J = 17.3, 1.7 Hz, 1H), 5.13-4.99 (m,
3H), 3.83 (dddd, J = 10.7, 5.3, 2.6, 1.5 Hz, 1H), 3.40 (dtd, J = 11.2, 6.3, 2.0 Hz, 1H), 2.37 (dtt, J
= 14.3, 6.5, 1.5 Hz, 1H), 2.20 (dddt, J = 14.0, 7.6, 6.4, 1.2 Hz, 1H), 1.92-1.80 (m, 1H), 1.70-1.57
(m, 2H), 1.52 (tt, J = 13.0, 3.9 Hz, 1H), 1.37-1.14 (m, 2H).

C NMR (100 MHz, CDCl3) 6 139.7, 135.2, 116.6, 114.5, 78.4, 77.4, 41.2, 31.5, 30.9, 23.6.

HRMS (CI) Calcd. for CoHy7O [M+H]*: 153.1279, Found: 153.1278.

FTIR (neat): 3075, 2935, 2844, 1642, 1434, 1200, 1083, 1046, 994, 914, 696 cm™™.

[a]?%--4.70 ° (c 1.0, CHClI,).
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2,2-dimethyl-5-(3-((2S,6S)-6-vinyltetrahydro-2H-pyran-2-yl)propyl)-4H-
benzo[d][1,3]dioxin-4-one (Fragment A)

9-BBN
THF, 0°C Me

then PdCl,(dppf) Meﬁ/o
5, KF, H,0 0
DMF/THF

4 25°C

Fragment A

A flask was charged with diene 4 (343.0 mg, 2.25 mmol, 100 mol%) and 2.25 mL (1 M) fresh
distilled THF. The flask was cooled to 0 °C for 5 min. 9-BBN (5.86 mL, 2.93 mmol, 130 mol%)
was added dropwise over 1lh. The reaction mixture was stirred at 0 °C for 0.5 h, and then
gradually warmed to ambient temperature. After 4 h, KF (784.0 mg, 13.5 mmol, 600 mol%), 2,2-
dimethyl-4-oxo0-4H-benzo[d][1,3]dioxin-5-yl trifluoromethanesulfonate (5)% (1100.0 mg, 3.375
mmol, 150 mol%), PdClx(dppf) (82.7 mg, 0.11 mmol, 5 mol%) and H,O (486.0 mg, 27.0 mmol,
1200 mol%) in 9.0 mL DMF was added to the reaction mixture. The resulting solution was stirred
at ambient temperature for 16 h. EtOAc and H;O (25 mL : 25 mL) were added to the reaction
mixture. The organic layer was washed three times with H,O (25 mL), dried (Na:SO.), filtered
and concentrated in vacuo. The residue was subjected to flash column chromatography (SiOa:
hexane/ethyl acetate, 50:1 to 25:1) to furnish the title compound Fragment A in 55% yield
(409.0 mg, 1.24 mmol) along with a 21% yield of recovered diene 4 (72.0 mg, 0.47 mmol).

'H NMR (400 MHz, CDCls) 5 7.39 (dd, J = 8.2, 7.6 Hz, 1H), 6.94 (dd, J = 7.7, 1.2 Hz, 1H), 6.79
(dd, J = 8.2, 1.2 Hz, 1H), 5.85 (ddd, J = 17.4, 10.6, 5.4 Hz, 1H), 5.22 (dt, J = 17.4, 1.7 Hz, 1H),
5.06 (dt, J = 10.6, 1.6 Hz, 1H), 3.84-3.76 (m, 1H), 3.41-3.33 (m, 1H), 3.17-3.03 (m, 2H), 1.92—
1.80 (m, 1H), 1.79-1.45 (m, 13H), 1.34-1.13 (m, 2H).

BC NMR (100 MHz, CDCls) § 160.4, 157.3, 148.3, 139.9, 135.2, 125.4, 115.3, 114.4, 112.2,
105.1, 78.4, 77.8, 36.5, 34.4, 31.6, 31.4, 27.2, 25.8, 25.8, 23.7.

HRMS (ESI) Calcd. for CxH260sNa [M+Na]*: 353.1723, Found: 353.1729.

ETIR (neat): 2992, 2932, 2858, 1736, 1695, 1605, 1582, 1476, 1389, 1378, 1313, 1269, 1208,
1074, 1043, 923, 808, 777, 698 cm'*.

[a]?%--12.67 ° (c 0.5, CHCl,).
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Benzyl (R)-3-hydroxy-2,2-dimethyloct-7-enoate (7)

(S)-N-Tosyl-Valine

BH3-THF Z
C% DCM OH
BnO
/O BnO Me Me
TMSO  Me O Me

7
BH3-THF (1.0 M in THF, 11.0 mL, 11.0 mmol) was added dropwise to N-tosyl-L-valine® (1 step,

2984.3 mg, 11.0 mmol, 100 mol%) in DCM (0.1 M, 110.0 mL) at room temperature over 30 min.
Then a solution of 5-hexenal* (1 step, 1080.0 mg, 11.0 mmol, 100 mol%) in DCM (11.0 mL) and
((1-(benzyloxy)-2-methylprop-1-en-1-yl)oxy)trimethylsilane® (1 step, 3055.0 mg, 12.2 mmol, 110
mol%) were added to the resulting solution at -78 °C. After stirring for 4 h, the reaction was
guenched at -78 °C by addition of a pH 7.0 buffer solution (115 mL). The resulting mixture was
extracted with DCM (3 X 77.0 mL), and the combined organic extracts were washed with brine
(150 mL) and concentrated under reduced pressure. The residue was subjected to flash column
chromatography (SiO.: hexane/ethyl acetate, 20:1 to 10:1) to furnish the title product 7 in 70%
yield (2128.0 mg, 7.7 mmol, 93% ee).

'H NMR (400 MHz, CDCls) & 7.42-7.28 (m, 5H), 5.78 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.14 (s,
2H), 5.03-4.91 (m, 2H), 3.63 (ddd, J = 10.4, 6.9, 1.8 Hz, 1H), 2.37-2.34 (m, 1H), 2.04 (dtt, J =
13.3, 6.8, 1.4 Hz, 2H), 1.73-1.64 (m, 1H), 1.47-1.34 (m, 2H), 1.31-1.22 (m, 1H), 1.20 (d, J = 2.4
Hz, 6H).

3C NMR (100 MHz, CDCl3) 6 177.4, 138.6, 135.9, 128.6, 128.2, 127.9, 114.6, 76.5, 66.3, 47.3,
33.5,31.1,25.9,22.2,20.4.

HRMS (ESI) Calcd. for C17H2403Na [M+Na]*: 299.1618, Found: 299.1619.

ETIR (neat): 3504, 2976, 2937, 1720, 1455, 1390, 1263, 1213, 1133, 1078, 1029, 993, 969, 911,
750, 697 cm™.,

HPLC: (Chiralcel OD-H column, hexanes:i-PrOH = 95:5, 1.00 mL/min, 254 nm), ee =93%.

|(X|ZOD:+11.11 ° (C 0.9, CHC|3).
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DAD1 A, Sig=254,4 Ref=360,100 (GANG\RYOSUKE 2015-07-21 19-19-57\031-0601.D)
mAU =

] o =

40 0 b=
1 ©

303

204

10

0]

i T T T T T T T
4 45 5 55 6 65 7 75 mir|

Signal 1: DADl A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
= [min] [min] [MAU*s] [mAU] 5
et e |Gt et ettt fenoenemsns ot et e \someman= |
Al 5.511 BV 0.1334 326.93433 37.60009 51.5288
2 6.001 VB 0.1406 307.53488 33.03806 48.4712

Totals : 634.46921 70.63815

DAD1 A, Sig=254,4 Ref=360, 100 (GANG\RYOSUKE 2015-07-21 19-19-57\033-0401.D)

mAU 3 3
3 2
60
505
403
304
20
105
0 .
T N = B R TR T e & B2 & w2 w % e & =&

4""4.5llllfl'>"l5.5 éI"S.S 74 75 min|

5480

Signal 1: DAD1l A, Sig=254,4 Ref=36¢0,100

Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s] [MAU] &
S| mees | | e | s=smrmsass | simsssarnnas | |
1 5.480 vv 0.1149 22.:3T137 2.53014 3.4254

2 5.950 vv 0.1401 629.04224 69.19113 96.574¢

Totals : 651.35360 Tz "F2A2T
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Benzyl 2-methyl-2-((2R,6S)-6-(2-oxoethyl)tetrahydro-2H-pyran-2-yl)propanoate (8)

- |
OH HG-II 0 O
BnO BnO
Me CSA Me
d Me DCM, 40 °C 0 Me
7 Me\/\//o 8

A flame dried flask was charged Hoveyda-Grubbs’ 2nd catalyst (551.4 mg, 0.88 mmol, 10 mol%)
and (S)-camphorsulfonic acid (204.3 mg, 0.88 mmol, 10 mol%). The flask was sealed with a
septum and purged with Ar, then freshly distilled CH.Cl, (0.2 M, 44 mL) was added. Alcohol 7
(2432 mg, 8.8 mmol, 100 mol%) and crotonaldehyde (2467 mg, 35.2 mmol, 400 mol%) were
added. The resulting mixture was stirred at 35 °C for 10 h. The crude mixture was cooled down to
ambient temperature, concentrated in vacuo. The residue was subjected to flash column
chromatography (SiO.: hexane/ethyl acetate, 20:1 to 10:1) to furnish the title product 8 in 85%
yield (2277.0 mg, 7.48 mmol, >20:1 dr).

IH NMR (400 MHz, CDCl3) § 9.65 (dd, J = 2.7, 2.0 Hz, 1H), 7.40-7.26 (m, 5H), 5.13 (d, J =
12.6 Hz, 1H), 5.07 (d, J = 12.6 Hz, 1H), 3.84-3.76 (m, 1H), 3.60 (dd, J = 11.4, 1.9 Hz, 1H), 2.48—
2.31 (m, 2H), 1.92-1.83 (m, 1H), 1.60-1.43 (m, 3H), 1.32-1.19 (m, 2H), 1.18 (s, 3H), 1.13 (s,
3H).

3C NMR (100 MHz, CDClI3) 8 201.7, 176.4, 136.4, 128.4, 128.0, 127.9, 82.4, 73.6, 66.1, 49.7,
46.6, 31.2,24.7, 23.3, 21.2, 20.0.

HRMS (ESI) Calcd. for CigH2:04Na [M+Na]*: 327.1567, Found: 327.1576.

FTIR (neat): 2940, 2860,1727, 1497, 1455, 1391, 1265, 1134, 1085, 1048, 976, 749, 697 cm™.

[a]?% - -3.30° (c 1.0, CHCl).
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Benzyl 2-((2R,6S)-6-((R)-2-hydroxypent-4-en-1-ytetrahydro-2H-pyran-2-yl)-2-
methylpropanoate (9)

[Ir(cod)Cl],
(R)-BINAP
0O O AllylOAc O OH
BnO
Me 4-ClI-3-NO,-BzOH Me
O Me 2-PrOH O Me
Cs,CO3
8 THF (0.2 M), 100 °C 9

BnO

To a sealed tube under an argon atmosphere charged with aldehyde 8 (304.4 mg, 1.00 mmol, 100
mol%), [Ir(cod)Cl]. (16.8 mg, 0.025 mmol, 2.5 mol%), (R)-BINAP (31.1 mg, 0.05 mmol, 5.0
mol%), 2-propoanol (180.3 mg, 3.00 mmol, 300 mol%), Cs,CO; (65.1 mg, 0.20 mmol, 20 mol%)
and 4-CI-3-NO,-BzOH (20.16 mg, 0.10 mmol, 10 mol%) was added freshly distilled THF (5.0
mL, 0.2 M) and allyl acetate (200.2 mg, 2.00 mmol, 200 mol%). The reaction mixture was
allowed to stir in a microwave reactor at 100 °C for 6 h. The reaction mixture was allowed to cool
to ambient temperature, at which point it was concentrated in vacuo. The residue was subjected to
flash column chromatography (SiO2: hexane/ethyl acetate, 15:1 to 8:1) to furnish the title product
9in 82% yield (284.1 mg, 0.82 mmol, >20:1 dr).

'H NMR (400 MHz, CDCl3) 5 7.38-7.28 (m, 5H), 5.83 (ddt, J = 17.2, 10.2, 7.1 Hz, 1H), 5.21—
5.02 (M, 4H), 3.82-3.74 (m, 1H), 3.61 (dd, J = 11.3, 1.8 Hz, 1H), 3.58-3.51 (m, 2H), 2.30-2.21
(m, 1H), 2.19-2.11 (m, 1H), 1.89-1.79 (m, 1H), 1.60-1.43 (m, 5H), 1.33-1.21 (m, 2H), 1.20 (s,
3H), 1.15 (s, 3H).

3C NMR (100 MHz, CDCIl3) 5 176.4, 136.2, 135.2, 128.4, 128.1, 128.0, 116.9, 82.7, 79.8, 71.3,
66.4, 46.6, 42.1, 41.9, 31.9, 24.8, 23.2, 21.5, 20.1.

HRMS (ESI) Calcd. for C21H300sNa [M+Na]*: 369.2036, Found: 369.2043.

FTIR (neat): 2936, 2860, 1730, 1639, 1455, 1392, 1262, 1140, 1084, 1045, 914, 750, 697 cm™.

[a]?% - +2.00° (c 1.0, CHCls).
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Benzyl 2-((2R,65)-6-((R)-2-(benzyloxy)pent-4-en-1-yDtetrahydro-2H-pyran-2-yl)-2-
methylpropanoate

BnBr

O OH NaHMDS O OBn

BnQ THF-DMF BnQ

Me Me
(@) Me 0 Me
9
A flame dried flask was charged with alcohol 9 (2.22 g, 6.41 mmol, 100 mol%) in THF (74.0

mL) and DMF (18.5 mL) at 0 °C. BnBr (1.64 g, 9.62 mmol, 150 mol%) was added to the solution
followed by NaHMDS (1.0 M in THF, 10.3 mL, 10.3 mmol, 160 mol%) at O °C. The reaction
mixture was warmed to room temperature. After 12 h, aqueous HCI (1 N, 100 mL) was added to

the reaction mixture, and the aqueous layer was extracted with ether (3 X 100 mL). The combined
organic extracts were washed with brine (200 mL), dried (Na;SQ.), filtered and concentrated in
vacuo. The residue was subjected to flash column chromatography (SiO.: hexane/ethyl acetate,
60:1 to 30:1) to furnish the title compound in 90% vield (2.52 g, 5.77 mmol).

'H NMR (400 MHz, CDClg) & 7.37-7.24 (m, 10H), 5.85 (ddt, J = 17.2, 10.2, 7.0 Hz, 1H), 5.13—
5.02 (m, 4H), 4.47 (dd, J = 11.7 Hz, 2H), 3.62-3.56 (m, 1H), 3.53 (dd, J = 11.3, 1.8 Hz, 1H),
3.45-3.38 (m, 1H), 2.41-2.32 (m, 1H), 2.31-2.22 (m, 1H), 1.88-1.77 (m, 2H), 1.58-1.50 (m, 1H),
1.49-1.39 (m, 3H), 1.30-1.21 (m, 2H), 1.20 (s, 3H), 1.13 (s, 3H).

3C NMR (100 MHz, CDCls) $ 176.7, 138.9, 136.4, 135.1, 128.4, 128.2, 127.9, 127.7, 127.7,
127.4,116.8, 82.2, 75.4, 74.9, 70.7, 66.0, 46.8, 40.2, 38.0, 31.7, 25.2, 23.6, 21.2, 20.5.

HRMS (ESI) Calcd. for C2sH3s0sNa [M+Na]*: 459.2506, Found: 459.2511.

FTIR (neat): 2931, 2858, 2322, 1731, 1640, 1454, 1264, 1134, 1088, 1047, 911, 796, 735, 696,
669 cm™.

[a]% - -20.00° (c 0.4, CHCls).
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Benzyl 2-((2R,6S5)-6-((S)-2-(benzyloxy)-4-oxobutyl)tetrahydro-2H-pyran-2-yl)-2-
methylpropanoate (10)

03, DCM |
O OBn then PPh O OBnO
BnO —=——2— BnO
Me -78 to 25 °C Me
O Me O Me 10

A flask was charged with alkene (2.31 g, 5.29 mmol, 100 mol%) and freshly distilled DCM (88.2
mL, 0.06 M) was added at -78 °C. Ozone was bubbled through the solution for about 15 min at -
78 °C. Argon was bubbled through the solution to remove the ozone, then PPh; (4170.3 mg, 15.9
mmol, 300 mol%) was added to the solution. The reaction mixture was gradually warmed to
room temperature and stirred overnight. The solution was concentrated in vacuo and the residue
was subjected to flash column chromatography (SiO.: hexane/ethyl acetate, 20:1 to 10:1) to
furnish the title compound 10 in 83% yield (1925.6 mg, 4.39 mmol).

'H NMR (400 MHz, CDCl3) 5 9.69 (t, J = 2.2 Hz, 1H), 7.36-7.26 (m, 10H), 5.12 (d, J = 12.7
Hz, 1H), 5.07 (d, J = 12.6 Hz, 1H), 4.51 (d, J = 11.6 Hz, 1H), 4.43 (d, J = 11.6 Hz, 1H), 4.12—
4.03 (m, 1H), 3.55 (dd, J = 11.4, 1.8 Hz, 1H), 3.45-3.38 (M, 1H), 2.62-2.56 (m, 2H), 1.95-1.81
(m, 2H), 1.65-1.56 (m, 1H), 1.51-1.42 (m, 3H), 1.32-1.20 (m, 2H), 1.19 (s, 3H), 1.13 (s, 3H).

13C NMR (100 MHz, CDCls) $ 201.9, 176.6, 138.3, 136.3, 128.5, 128.4, 127.9, 127.7, 127.7,
127.6,82.2, 74.4,71.6, 70.9, 66.0, 48.0, 46.7, 39.9, 31.8, 25.0, 23.5, 21.5, 20.2.

HRMS (ESI) Calcd. for C27H340sNa [M+Na]*: 461.2298, Found: 461.2294.

FTIR (neat): 2941, 2860, 1727, 1455, 1391, 1265, 1163, 1138, 1087, 1050, 735, 697 cm™.

[a]®p - +8.33° (c 1.0, CHCI5).
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Benzyl 2-((2R,65)-6-((2R,4R,5S)-2-(benzyloxy)-4-hydroxy-5-methylhept-6-en-1-ytetra-
hydro-2H-pyran-2-yl)-2-methylpropanoate (11)

| (S)-I-SEGPHOS
L0 OBnO a-Me-AllylOAc

BnO\ " K,COs4
d e H,O
Me 2-ProH d w
10 THF e 1

To a sealed tube under an argon atmosphere charged with aldehyde 10 (200.0 mg, 0.46 mmol,
100 mol%), (S)-Ir-SEGPHOS (23.5 mg, 0.023 mmol, 5.0 mol%), 2-PrOH (55.3 mg, 0.92 mmol,
200 mol%), K,CO;3 (31.8 mg, 0.23 mmol, 50 mol%) and H,O (41.4 mg, 2.30 mmol, 500 mol%)
was added freshly distilled THF (0.23 mL, 2.0 M) and a-Me-AllyOAc (105.0 mg, 0.92 mmol,
200 mol%). The septum was quickly replaced with a screw cap and the reaction mixture was
allowed to stir in an oil bath at 60 °C for 48 h. The reaction mixture was allowed to cool to
ambient temperature and was concentrated in vacuo. The residue was subjected to flash column
chromatography (SiO,: hexane/ethyl acetate, 30:1 to 20:1) to furnish the title compound 11 in
65% yield (148.0 mg, 0.30 mmol, 12:1 dr).

IH NMR (400 MHz, CDCl3) § 7.35-7.26 (m, 10H), 5.87-5.76 (m, 1H), 5.16-5.00 (m, 4H),
4.54-4.40 (dd, J = 12.0, 11.6 Hz 2H), 3.89-3.81 (m, 1H), 3.76-3.69 (m, 1H), 3.51 (dd, J = 11.3,
1.8 Hz, 1H), 3.38-3.29 (m, 1H), 2.73 (d, J = 3.6 Hz, 1H), 2.23-2.10 (m, 1H), 1.97-1.78 (m, 2H),
1.73-1.39 (m, 6H), 1.32-1.10 (m, 8H), 1.02 (d, J = 6.9 Hz, 3H).

3C NMR (100 MHz, CDCls) & 176.8, 140.8, 138.6, 136.5, 128.6, 128.5, 128.1, 128.0, 127.8,
127.7,115.3,82.3, 75.1, 74.2, 71.5, 71.2, 66.2, 46.9, 44.2, 39.9, 37.2, 32.1, 25.2, 23.8, 21.4, 20.5,
16.2.

HRMS (ESI) Calcd. for Cs1H4,0sNa [M+Na]*: 517.2924, Found: 517.2926.

FTIR (neat): 2937, 2858, 2322, 1731, 1496, 1454, 1391, 1265, 1196, 1137, 1087, 1049, 913, 805,
734, 697 cm™.

[a]?% - +8.80° (¢ 2.5, CHCls).
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Benzyl 2-((2R,6S5)-6-((2S,4R,5S)-2-(benzyloxy)-4-((tert-butyldimethylsilyl)oxy)-5-methylhept
-6-en-1-yl)tetrahydro-2H-pyran-2-yl)-2-methylpropanoate

""Me TBSOTf
2,6-lutidine

DCM BnO

~"""Me
OBn OTBS

O OBn OH
BnO

Me Me

O Me O Me
1 Fragment B

2,6-Lutidine (91.8 mg, 0.856 mmol, 400 mol%) and TBSOTT (113.1 mg, 0.428 mmol, 200 mol%)
were added to a solution of alcohol 11 (106.0 mg, 0.214 mmol, 100 mol%) in DCM (3.6 mL, 0.06
M) at 0 °C. After stirring for 3 h, the reaction mixture was diluted with DCM (4 mL) and washed
with sat. NH.CI solution (10 mL). The aqueous layer was extracted with DCM (3 X 10 mL). The
combined organic layers were washed with brine (30 mL), dried (Na;SOa), filtered and
concentrated in vacuo. The residue was subjected to flash column chromatography (SiO2:
hexane/ethyl acetate, 20:1) to furnish the title compound Fragment B in 90% vyield (117.3 mg,
0.193 mmol).

'H NMR (400 MHz, CDCls) § 7.37-7.24 (m, 10H), 5.86-5.74 (m, 1H), 5.14 (d, J = 12.6 Hz, 1H),
5.09 (d, J = 12.6 Hz, 1H), 5.05-4.98 (m, 2H), 4.48 (d, J = 11.7 Hz, 1H), 4.39 (d, J = 11.7 Hz, 1H),
3.91-3.85 (m, 1H), 3.71-3.63 (m, 1H), 3.51-3.45 (m, 1H), 3.40 (m, 1H), 2.39-2.30 (m, 1H),
1.90-1.76 (m, 2H), 1.71-1.61 (m, 1H), 1.55-1.35 (m, 5H), 1.31-1.10 (m, 8H), 1.00 (d, J = 6.8 Hz,
3H), 0.89 (s, 9H), 0.03 (d, J = 6.6 Hz, 6H).

3C NMR (100 MHz, CDCls) 8 176.5, 140.6, 139.2, 136.4, 128.4, 128.2, 127.9, 127.7, 127.4,
127.2, 114.6, 82.0, 75.1, 73.2, 72.4, 69.7, 66.0, 46.8, 43.4, 41.0, 38.7, 31.6, 26.0, 25.6, 23.7, 22.2,
20.2,18.1,14.1,-4.3, -4 .4.

HRMS (ESI) Calcd. for Cs7Hss0sSiNa [M+Na]*: 631.3804, Found: 631.3808.

FTIR (neat): 2930, 2856, 1735, 1471, 1455, 1373, 1316, 1257, 1135, 1088, 1048, 1005, 914, 834,
774, 733, 696 cm™.

[a]? - +8.67° (¢ 1.0, CHCL,).
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Benzyl 2-((2S,6S)-6-((2S,4R,5S,E)-2-(benzyloxy)-4-((tert-butyldimethylsilyl)oxy)-7-((2S,6S)-
6-(3-(2,2-dimethyl-4-oxo-4H-benzo[d][1,3]dioxin-5-yl)propyl)tetrahydro-2H-pyran-2-yl)-5-
methylhept-6-en-1-yl)tetrahydro-2H-pyran-2-yl)-2-methylpropanoate
Me o
Me

Me o OBn
TBSO OBn O

OBn  Hoveyda-Grubbs-II Me.,,
_ =

TBSO OBn O
Me,, ~ Benzoquinone

PhClI, 85 °C

X Fragment B

Fragment A

A flame dried flask under an argon atmosphere was charged with fragment A (57.0 mg, 0.172
mmol, 150 mol%), fragment B (70.0 mg, 0.115 mmol, 100 mol%), 1,4-benzoquinone (1.2 mg,
0.0115 mmol, 10 mol%) and the 2" generation Hoveyda-Grubbs catalyst (7.2 mg, 0.0115 mmol,
10 mol%). Chlorobenzene (2.90 mL, 0.04 M) was added and the solution was heated at 85 °C for
16 h. The reaction mixture was allowed to cool to ambient temperature and was concentrated in
vacuo. The residue was subjected to flash column chromatography (SiO2: hexane/acetone, 30:1)
to furnish the title compound 12 in 53% vyield (55.5 mg, 0.061 mmol, >20:1 E:Z).

'H NMR (400 MHz, CDCls) § 7.37-7.21 (m, 11H), 6.87 (dd, J = 7.7, 1.1 Hz, 1H), 6.77 (dd, J =
8.2, 1.2 Hz, 1H), 5.60 (dd, J = 15.6, 6.5 Hz, 1H), 5.49 (dd, J = 15.7, 6.0 Hz, 1H), 5.16-5.06 (m,
2H), 4.49-4.36 (m, 2H), 3.90-3.83 (m, 1H), 3.80-3.73 (m, 1H), 3.69-3.61 (m, 1H), 3.46 (d, J =
10.2 Hz, 1H), 3.42-3.29 (m, 2H), 3.13-2.98 (m, 2H), 2.38-2.29 (m, 1H), 1.89-1.74 (m, 3H), 1.68
(s, 6H), 1.65-1.53 (m, 6H), 1.53-1.34 (m, 7H), 1.32-1.08 (m, 10H), 0.97 (d, J = 6.7 Hz, 3H),
0.87 (s, 9H), 0.01 (s, 6H).

13C NMR (100 MHz, CDCls) § 176.5, 160.2, 157.1, 148.1, 139.2, 136.4, 135.0, 132.8, 131.9,
128.4, 128.2, 127.9, 127.7, 127.5, 127.4, 127.2, 125.2, 115.1, 112.0, 104.9, 82.0, 78.4, 77.6, 75.1,
73.2,72.4, 69.6, 65.9, 46.8, 41.9, 41.1, 38.4, 36.4, 34.3, 31.9, 31.5, 31.2, 29.7, 27.0, 26.0, 25.7,
25.6, 23.6, 22.2,20.2,18.1, 13.9, 4.3, -4.4.

HRMS (ESI) Calcd. for CssH7s09SiNa [M+Na]*: 933.5307, Found: 933.5309.

ETIR (neat): 2932, 2850, 1737, 1606, 1582, 1478, 1468, 1453, 1388, 1378, 1305, 1271, 1208,
1111, 1072, 1044, 967, 927, 807, 749, 689 cm™™.

[a] = -10.00° (¢ 0.2, CHCIs).
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(3S,4R,65)-6-(benzyloxy)-7-((2S,6R)-6-(1-(benzyloxy)-2-methyl-1-oxopropan-2-yl)tetrahydro
-2H-pyran-2-yl)-3-methylhept-1-en-4-yl  2-(3-((2S,6S)-6-((3S,4R,6S,E)-6-(benzyloxy)-7-((2S,
6S)-6-(1-(benzyloxy)-2-methyl-1-oxopropan-2-yl)tetrahydro-2H-pyran-2-yl)-4-((tert-butyldi-
methylsilyl)oxy)-3-methylhept-1-en-1-yl)tetrahydro-2H-pyran-2-yl)propyl)-6-hydroxybenz-

oate (13)
Me o x Me o
Me
OBn OBn
TBSO  OBn O S OBn oH TBSO  OBn O
Me.,, BnQ
O Me "'Me
Me,
o._0 N 08B0 O6_0
Meﬁ/ o "
o ~ NaHMDS Me HO
O Me

THF,0-25°C

12

A flame dried flask under an argon atmosphere was charged with alcohol 11 (37.1 mg, 0.0751
mmol, 120 mol%) in THF (1.25 mL, 0.05 M) at 0 °C. NaHMDS (0.313 mL, 0.313 mmol, 500
mol%) was added dropwise at 0 °C. After stirring for 30 min, the alkene 12 (57.0 mg, 0.0625
mmol, 100 mol%) in dry THF (0.6 mL) was added dropwise. The reaction was warmed to room
temperature and stirred for 1 h and then quenched with saturated aqueous NH4Cl (5.0 mL). The
resulting mixture was extracted with ether (3 X 5.0 mL). The combined organic extracts were
washed with brine (15.0 mL), dried (Na2SO4) and concentrated in vacuo. The residue was
subjected to flash column chromatography (SiO;: hexane/ethyl acetate, 30:1 to 15:1) to furnish
the title compound 13 in 80% vyield (67.4 mg, 0.05 mmol).

'H NMR (400 MHz, CDCl3) § 11.19 (s, 1H), 7.35-7.21 (m, 21H), 6.80 (d, J = 8.3 Hz, 1H), 6.64
(d, J=7.6 Hz, 1H), 5.87-5.76 (m, 1H), 5.65-5.57 (m, 2H), 5.55-5.45 (m, 1H), 5.13-5.02 (m, 6H),
4.49-4.28 (m, 4H), 3.91-3.84 (m, 1H), 3.76 (dd, J = 10.9, 6.0 Hz, 1H), 3.69-3.63 (m, 1H), 3.60—
3.53 (m, 1H), 3.51-3.22 (m, 5H), 2.95-2.78 (m, 2H), 2.58-2.49 (m, 1H), 2.39-2.30 (m, 1H),
1.90-1.74 (m, 7H), 1.70-1.52 (m, 7H), 1.52-1.30 (m, 11H), 1.23 (s, 6H), 1.16 (d, J = 1.4 Hz, 6H),
1.06 (m, 9H), 1.01-0.95 (m, 2H), 0.88 (s, 9H), 0.01 (s, 6H).

13C NMR (100 MHz, CDCls) 8 176.5, 176.3, 170.9, 162.4, 145.4, 139.2, 139.1, 138.5, 136.4,
136.3, 133.8, 132.9, 131.8, 128.4, 128.3, 128.2, 128.1, 127.9, 127.9, 127.7, 127.5, 127.5, 127.2,
122.1, 116.3, 115.6, 112.5, 82.0, 81.9, 78.6, 77.7, 76.0, 75.1, 74.5, 73.2, 72.9, 72.4, 71.2, 69.7,
66.0, 46.8, 46.6, 42.1, 41.9, 41.2, 40.6, 38.4, 37.6, 36.8, 36.1, 32.0, 31.8, 31.6, 31.3, 29.7, 28.0,
26.0, 25.6, 25.5, 23.6, 23.6, 22.3, 21.9, 20.2, 20.0, 18.1, 16.2, 13.8, -4.3, -4.4.

HRMS (ESI) Calcd. for CgsH114013SiNa [M+Na]*: 1369.7921, Found: 1369.7918.

ETIR (neat): 2934, 2856, 1730, 1610, 1549, 1453, 1371, 1251, 1214, 1087, 1048, 1028, 896, 827,
752, 697 cm™.,

[a]?% - +12.70° (c 0.5, CHCls).
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(3S,4R,6S)-6-(benzyloxy)-7-((2S,6R)-6-(1-(benzyloxy)-2-methyl-1-oxopropan-2-yl)tetrahydr-
0-2H-pyran-2-yl)-3-methylhept-1-en-4-yl 2-(3-((2S,6S)-6-((3S,4R,6R,E)-6-(benzyloxy)-7-((2S,
6S)-6-(1-(benzyloxy)-2-methyl-1-oxopropan-2-yl)tetrahydro-2H-pyran-2-yl)-4-hydroxy-3-
methylhept-1-en-1-yl)tetrahydro-2H-pyran-2-yl)propyl)-6-hydroxybenzoate

Me 0O Me o
Me Me

OBn OBn
TBSO OBn O

Me,,, HF-pyr
THF, 25 °C

To a solution of alkene 13 (30 mg, 0.022 mmol, 100 mol%) in THF (0.6 mL, 0.037 M) was added
HF-pyridine (0.016 mL, 22.0 mmol, 1000 eq.) and the mixture was stirred at room temperature
for 16 h. The reaction was quenched by addition of a saturated aqueous NaHCO3; (10 mL) and
extracted with ether (3 X 10 mL). The combined organic extracts were dried (Na.SO.), filtered
and concentrated in vacuo. The residue was subjected to flash column chromatography (SiOz:
hexane/ethyl acetate, 10:1 to 5:1) to furnish the title compound in 90% yield (24.7 mg, 0.020

mmol).

'H NMR (400 MHz, CDCls) § 11.16 (s, 1H), 7.36-7.20 (m, 21H), 6.79 (dd, J = 8.3, 1.2 Hz, 1H),
6.66 (dd, J = 7.6, 1.2 Hz, 1H), 5.89-5.76 (m, 1H), 5.70-5.58 (m, 2H), 5.57-5.49 (m, 1H), 5.14—
5.03 (m, 6H), 4.52-4.29 (m, 4H), 3.88-3.75 (m, 2H), 3.74-3.65 (m, 1H), 3.61-3.53 (m, 1H),
3.52-3.46 (m, 1H), 3.43-3.25 (m, 4H), 2.95-2.81 (m, 2H), 2.70 (s, 1H), 2.58-2.49 (m, 1H), 2.22—
2.12 (m, 1H), 1.95-1.74 (m, 7H), 1.73-1.50 (m, 10H), 1.50-1.35 (m, 7H), 1.30-1.17 (m, 6H),
1.17-1.11 (m, 6H), 1.11-1.02 (m, 9H), 1.00 (d, J = 6.8 Hz, 3H).

3C NMR (100 MHz, CDCls) 8 176.6, 176.3, 170.9, 162.3, 145.4, 139.1, 138.6, 138.5, 136.4,
136.3, 133.8, 132.6, 132.5, 128.4, 128.4, 128.3, 128.3, 128.1, 127.9, 127.9, 127.8, 127.7, 127.7,
1275, 127.5, 122.1, 116.3, 115.6, 112.5, 82.2, 81.9, 78.2, 77.8, 76.0, 75.0, 74.5, 74.1, 72.9, 71.6,
71.2, 71.0, 66.0, 65.9, 46.7, 46.6, 42.6, 42.1, 40.6, 39.9, 37.6, 37.1, 36.7, 36.1, 32.0, 31.9, 31.8,
31.3,28.0, 25.5, 25.1, 23.6, 23.6, 21.9, 21.2, 20.5, 20.0, 16.2, 15.9.

HRMS (ESI) Calcd. for C77H100013Na [M+Na]*: 1255.7056, Found: 1255.7037.

ETIR (neat): 2931, 2856, 1731, 1652, 1454, 1373, 1311, 1263, 1213, 1163, 1139, 1086, 1048,
1028, 1017, 734, 697 cm™.

[a]®p - +6.00° (c 1.0, CHCIs).
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(3S,4R,65)-6-(benzyloxy)-7-((2S,6R)-6-(1-(benzyloxy)-2-methyl-1-oxopropan-2-yl)tetra-
hydro-2H-pyran-2-yl)-3-methylhept-1-en-4-yl 2-(3-((2S,6S)-6-((3S,4R,6S,E)-6-(benzyloxy)-7-
((2S,6S)-6-(1-(benzyloxy)-2-methyl-1-oxopropan-2-yl)tetrahydro-2H-pyran-2-yl)-4-((2-
hydroxy-6-(3-((2S,6S)-6-vinyltetrahydro-2H-pyran-2-yl)propyl)benzoyl)oxy)-3-methylhept-
1-en-1-yl)tetra-hydro-2H-pyran-2-yl)propyl)-6-hydroxybenzoate (14)
Me o
OBn

Fragment A
NaHMDS
THF,0-25°C
- .

A flame dried flask was charged with alcohol (70.0 mg, 0.0567 mmol, 100 mol%) in THF (1.13
mL, 0.05 M) at 0 °C. NaHMDS (0.284 mL, 0.284 mmol, 500 mol%) was added dropwise at 0 °C.
After stirring for 30 min, fragment A (74.9 mg, 0.227 mmol, 400 mol%) in dry THF (0.6 mL)
was added dropwise. The reaction was warmed to room temperature and stirred for 1 h and then
guenched with saturated aqueous NH4ClI (5.0 mL). The resulting mixture was extracted with ether
(3 X 5.0 mL). The combined organic extracts were washed with brine (15.0 mL), dried (Na2SO4)
and concentrated in vacuo. The residue was subjected to flash column chromatography (SiO::
hexane/ethyl acetate, 20:1 to 6:1) to furnish the title product 14 in 85% vyield (72.6 mg, 0.048

mmol).

'H NMR (400 MHz, CDCls) 5 11.16 (s, 1H), & 11.14 (s, 1H), 7.36-7.19 (m, 22H), 6.82-6.77 (m,
2H), 6.69-6.63 (m, 2H), 5.90-5.75 (m, 2H), 5.67-5.52 (m, 4H), 5.24-5.00 (m, 8H), 4.48-4.40
(m, 2H), 4.34-4.25 (m, 2H), 3.82-3.69 (m, 2H), 3.61-3.53 (m, 2H), 3.44-3.21 (m, 6H), 2.97—
2.79 (m, 4H), 2.60-2.48 (m, 2H), 1.89-1.73 (m, 11H), 1.66-1.32 (m, 21H), 1.30-1.00 (m, 26H).

3C NMR (100 MHz, CDCls) § 176.3, 176.3, 170.9, 170.8, 162.4, 162.3, 145.4, 145.4, 139.7,
139.1, 138.5, 138.5, 136.3, 133.8, 133.7, 133.3, 130.9, 128.4, 128.3, 128.3, 128.1, 128.0, 127.9,
127.7, 127.5, 127.5, 122.2, 122.1, 116.3, 115.6, 114.3, 112.6, 81.9, 81.9, 78.3, 77.6, 76.1, 76.0,
74.6, 74.5, 72.9, 71.2, 65.9, 46.6, 42.1, 40.8, 40.7, 40.6, 37.6, 36.7, 36.2, 36.1, 32.0, 32.0, 31.5,
31.4,31.4,31.3,29.7, 28.0, 25.5, 23.6, 23.6, 23.5, 21.9, 20.1, 16.2, 15.9.

HRMS (ESI) Calcd. for CasH120016Na [M+Na]*: 1527.8469, Found: 1527.8443.

ETIR (neat): 2936, 2860, 1731, 1652, 1605, 1449, 1366, 1310, 1250, 1214, 1164, 1088, 1048,
918, 816, 738, 697 cm™.

[a]®p - +14.70° (c 1.0, CHCl5).
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(3S,4R,65)-6-(benzyloxy)-7-((2S,6S)-6-(1-(benzyloxy)-2-methyl-1-oxopropan-2-yl)tetra-
hydro-2H-pyran-2-yl)-3-methylhept-1-en-4-yl ~ 2-hydroxy-6-(3-((2S,6S)-6-vinyltetra-hydro-
2H-pyran-2-yl)propyl)benzoate dimer

Grubbs-II
DCM, 40 °C

Diene 14 (30.0 mg, 0.02 mmol, 100 mol%) and Grubbs’ second generation catalyst (1.70 mg,
0.002 mmol, 10 mol%) were dissolved in dry DCM (6.70 mL, 0.003 M) and the solution was
heated at 40 °C. After stirring for 10 h, the reaction was concentrated in vacuo and subjected to
flash column chromatography (SiO2: hexane/ethyl acetate, 20:1 to 6:1) to furnish the title product
in 68% yield (20.1 mg, 0.0136 mmol).

'H NMR (400 MHz, CDCl3) & 11.60 (s, 2H), 7.35-7.18 (m, 22H), 6.79 (d, J = 8.3 Hz, 2H), 6.61
(d, J = 7.6 Hz, 2H), 5.66-5.52 (m, 6H), 5.03 (s, 4H), 4.43 (dd, J = 11.0, 4.9 Hz, 2H), 4.30 (dd, J =
11.4, 5.1 Hz, 2H), 3.63 (d, J = 11.2 Hz, 1H), 3.56 (s, 2H), 3.43-3.28 (m, 4H), 3.27-3.18 (m, 1H),
2.95-2.83 (m, 1H), 2.82-2.71 (m, 1H), 2.56-2.45 (m, 2H), 1.92-1.71 (m, 10H), 1.66-1.38 (m,
20H), 1.38-0.95 (m, 30H), 0.92-0.79 (m, 2H).

13C NMR (100 MHz, CDCls) § 176.3, 171.5, 163.0, 145.9, 138.5, 136.3, 134.0, 133.3, 130.1,
128.4, 128.3, 128.1, 127.9, 127.7, 127.5, 122.3, 115.6, 81.9, 78.2, 76.2, 74.7, 72.9, 71.2, 66.0,
46.7,41.6, 40.9, 38.7, 37.3, 37.2, 32.0, 31.7, 31.2, 29.7, 29.1, 25.6, 23.7, 22.1, 19.8, 17.7.

HRMS (ESI) Calcd. for CeoH116016Na [M+Na]*: 1499.8156, Found: 1499.8121.

ETIR (neat): 2918, 2603, 2359, 2205, 2158, 2106, 2091, 2052, 2037, 1733, 1714, 1698, 1651,
1574, 1537, 1454, 1253, 837 cm™.

[a]%% - +28.70° (¢ 0.5, CHCL,).
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(+)-SCH 351448

Pd-C/H,
MeOH/EtOAC
25°C

(+)-SCH 351448

To a flask charged with diene (10.0 mg, 0.0067 mmol, 100 mol%) and Pd/C (10% w/w, 1.4 mg,
20 mol%), was added EtOAc (1 mL) and MeOH (3 mL). The reaction mixture was stirred under
1 atm H; (balloon) for 8 h. The solution was filtered and the filtrate was concentrated in vacuo.
The residue was diluted with 5 mL of hexane, and then washed with 2 mL of a 4 N HCI solution
saturated with NaCl. The aqueous layer was extracted with 5 mL hexane. The combined organic
solution was dried (Na2SO4) and concentrated in vacuo to afford crude (+)-SCH 351448 in 65%
(5.0 mg) as a white solid.

'H NMR (400 MHz, CDCl3) § 7.25 (t, J = 7.9 Hz, 2H), 6.81 (d, J = 8.3 Hz, 2H), 6.72 (d, J= 7.5
Hz, 2H), 5.67-5.59 (M, 2H), 3.77-3.69 (m, 2H), 3.64-3.54 (m, 2H), 3.50 (d, J = 11.3 Hz, 2H),
3.19-3.06 (M, 6H), 2.60-2.48 (m, 2H), 2.10-2.00 (m, 2H), 1.90-1.80 (m, 4H), 1.80-1.72 (m, 2H),
1.73-1.62 (m, 6H), 1.63-1.55 (m, 4H), 1.56-1.37 (m, 22H), 1.36-1.18 (m, 10H), 1.12 (s, 6H),
1.09 (s, 6H), 1.01 (d, J = 6.7 Hz, 6H).

B3C NMR (151 MHz, CD,Cly) § 178.7, 171.1, 160.2, 145.1, 133.5, 122.4, 115.9, 115.5, 83.3,
79.2,78.3, 78.1, 77.7, 67.5, 46.5, 43.7, 37.9, 37.5, 36.9, 36.6, 35.2, 32.9, 32.5, 32.0, 30.1, 29.5,
25.2,24.3,235,23.2,19.3,15.1.

HRMS (ESI) Calcd. for CesHosO16Na [M+Na]*: 1143.6591, Found: 1143.6574.

FTIR (neat): 3446, 2922, 2856, 1990, 1707, 1655, 1575, 1449, 1375, 1292, 1253, 1212, 1087,
1045 cm™.

[a]% - +27.60° (c 0.3, CHCL,).
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Natural sample of SCH 351448°
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Natural sample of (+)-SCH 351448
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13C NMR comparison to the natural sample’ of (+)-SCH 351448

Carbon # 13C (Hegde) 13C (Krische)
1 178.7 178.7
2 46.4 46.5
3 83.2 83.3
4 37.8 37.9
5 23.5 23.5
6 32.8 32.9
7 79.1 79.2
8 43.6 43.7
9 67.5 67.5
10 374 37.5
11 77.6 77.7
12 36.9 36.9
13 29.5 29.5
14 25.2 25.2
15 78.1 78.1
16 325 32.5
17 24.2 24.3
18 31.9 32.0
19 78.2 78.3
20 35.1 35.2
21 30.0 30.1
22 36.6 36.6
23 145.0 145.1
24 122.3 122.4
25 1334 1335
26 115.8 115.9
27 160.1 160.2
28 115.5 1155
29 171.0 171.1
1-Me 19.3 19.3
1-Me 23.1 23.2

12-Me 15.0 15.1
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